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(54) Ink let head writh anti-caviiaiion film preventing kogation and erosion 



(57) Tha preaeiTt invention provi(tes an ii* jei head 
aubairate comprising a heat deneraling restscance 
memberfoiwiing a heat generating portioa, an electrode 
wiring electrically connecied to iJie heat generating re- 



8is?ftnce menr*>er, and an antlovitaEion film provided 
on xhe heat generHiirtg resistance nnsnnb er arid the etec- 
Jrode wiring via an insulation protection layer, and 
wherein ihe ana-cavKation ram te fonned from differen? 
materials with more lhan two layers. 
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1 EP1177 

Desoription 

5ACKOROUNDOF THE INVENTION 

Field Of Che invention 9 

[OOOIf The present mv^tion reism ho an InkJet heed 
for e^eo!fn9 recording by discharging Ink. a 6ubstime 
for such a head, nDethod& for manufaoturfng ihe head 
and tie substrsie. a method for using such a head and » 
an ink jet recording apparEOus. 

Reiatea Background Alt 

{0003^ An ink iei recording system <3iecloeed m u.S- »J 
Peteftt 4.723.i2fi or U.S. Pateni ^JAC,79$ can elfecl 
recording at a Wgh speed wilh high accuracy and high 
image quality end is euQat>ie for coior recofding and 
compactness. In a recording head using such an inkjei 
recording sysiem and adapted io dtectiarge ink orno a ^ 
recording medium by bubbling the bfik by means of ther- 
mal energy, heai generarcing nesisKince members for 
bubbling ihe Ink and wirings for eleciiicai cotinectjon 
tltereco are formed on ihe same substraie to provide an 
Ink jet reooidmg head substrate, and nozzles lor dis< ^ 
Charging ihe ink are generally fonned on tne substrate. 
[0003] The Inkjet recording headsubslnate has Widely 
been devised in order id save elect rfoai energy to be 
supplied and to pi^sveni reduction or a service life or the 
eubsirate due 10 mechanical damage caused by bub- so 
Ming and descrucdon of a heai generating ponion 
caused by dienmal pulse. Pank^jlariy. many investiga' 
tkms have been made regardng a proiection film for 
pnpteding a heat generating rseistanoe member having 
a heai generaiing porik>n positioned be»yden a pair of ss 
wirtig patiems from ink. 

lOOOq In the vlewpotfH of heal effldenc^, ihe protec- 
lion mm is advantageous lo have high heat conducuvny 
or emaller thickness. Howsver. on ihe other hand, the 
proiection film nas ihe putpose forprptecung the wirings ve 
connected to the heal genereling memberfrom the ink, 
and me fam is advantageous to nave greater ihicknese 
in considermion of probsbiloy o; de^ec; o^ ihefibn, and 
an optimum Thickness of the film is set in the viewpoira 
of energy eulclency and refiabiQiy. However, the protec- 
tlon film is subjected to both cavitation damage, i.e., me- 
chanical damage dueio the bubbling^ink and damage 
due lochemk^l reaction with hl^^i temperature ink com- 
ponent since a temperaiure of the suifaoe of the fikn is 
increased alter the bubMng. so 
[OOOSi Thus, in ectuai. ii is difficult to make an insula- 
lion fibn for protecting ihe wirings and a fiftn having sta- 
bility wilh respect to mechanical and chenncai damages 
compatible, and, for this reason, the proiecuon film oi 
the i n k Jei s ubarare is generally cor>8rfiuted toy an upper S5 
letyer having high 8iabili^/ wiih respect to mechanbal 
' and chemical damages due 10 ihe Ink bubbling and a 
lower layer Insularion layer for protecting The wfalngs. 



More speciiicaJty, a Ta film having very high mecnanteai 
and chemical siablBiy is generally used as the upper lay- 
er, and an SiN fflm or an SiO film whteh can be lomied 
easry ano eiabiy by an ^(Jsimg eemicoiKluctor device 
is generally used as tne kjwer layer. 
[P00$| Explaining m nriode oei^i. an SIN fim having 
athk:knes80f abot<0.2io 1 ium is fonmed as a protection 
fdm on the wirings, and ften, an upper layer protecUon 
fam, Le.» a Ta f&n having a tMekness of 0^ to 0.5 ^m 
caUed as an anti-cavlaRion film having a funcUon for re- 
eisiing 10 cavliation is ftNrmed. Wlih tMe anrangement, 
boih the eervioe lile and reiiabiliiy of the heat generating 
mistance member of the Ink jet subetraie can be en* 
hanced. 

100071 Purihar. other than B*e mechanical and chem- 
icai damages, in the heal generating poition. coloring 
nnatenaf and add^ve included In ihe ink are decom- 
posed to a molecular levei by high lentpecature heating 
fo be changed rito subsiance hard to sohre. which is 
physically adhered to ihe ami-cavtiatlon film as ihe up- 
per layer pnateciton fihi. This phenomenon is called as 
"kogaiion". As such, if organic or inorganic subsiance 
hard kj solve is adhered jo the antl-cavitaik>n film, hea; 
Transfer from the heat generating resistance memtserio 
the ink becomes uneven, tnersby making the bubWing 
unstedDle- in order to evoid this, although it is ce<}uirea 
that the kogation does not occur on the anti-caviiation 
film. The above-mentioned T^i film is generally adopted 
as a liim naving reiathre^^ good kogation rssisianoe. 
[0008] By the way, recently, as the perlormance of the 
ink jei printer has remarkably been enhatKed. enhance- 
ment ci perionmance of ink, for example. preventk>n 01 
bleeding (smudge beiween draerent color inks) in cor- 
respondence to hls^i speed recording has been requesi- 
ed. and enhcuicement coloring abflity and weather re- 
stsiance abOtty in conrespondenceTO high image quallsy 
has been requeeied. To this end. varkMJS componenis 
are added k> the ink. ana dlfferem components ere add- 
ed to three c©k>r8. i.e., yenow (T/. magenta QA) and <^n 
(C). WFhich are kinds of mics for fomiing a color image. 
[0009] As a result, lor example, in an ink jet head in 
whteh heat generating portions lor three colors {Y). (M), 
<C) and a Ta film as the upper layer profection layer are 
formed on ihe same eubstraie. from die difference be- 
ween the Ink components, In ihe heai g^eradng por- 
tion conesponding to a cenain color, ihe Ta film which 
was regarded as siabie film up 10 now may also be erod- 
ed, wfeh The recu Itihat the tower layer procecllon film and 
the heal generating member are also dann^ied to de- 
stroy the substrate. For example, when mk Including bi- 
valent n^tai sail such as Ca or Mg or componem form- 
ing chelate bodyr is used, the Taflfcm is apito be eroded 
by thermal chemical reaction with ink. 
[0010] On the other hand, other anti-cevitaiion lams 
have been developed in correspondence to improve- 
mera of Ink components. For example. In place of ihe 
Ta film, when amorphous alloy including Ta disclosed in 
Japanese Parent No. 2,663,350 according to the Appli- 
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cant i& used, «ven if iho ink inolud^e high orosN^ InK 
component, ii wad louna thai damad» does almost noi 

occur. 

[001 11 Thua. a can oe ooneidoM tliat iho amorphous 
alloy including Ta is ua^d as th« upp«r layer proiMion 
film for thd heal generating pomon in ihe mlc Jet head 
capable of dischanging three color (Y. i^. C) inks. How- 
ever, although ihe amorphous alloy inciuding Ta has 
high Ink eroeJon reeisiance» einoe the suitaee of alloy is 
almost not subjecied to damage, there isiheiendency 
thas kogaiion is apx to ooour. 

{0012] Thus, In the heat generating portion coire- 
eponcfing to a certain color, In place of the fact thai the 
upper layer protection nim i& ainno&i not eroded, a proo- 
locti regarding i^ogetion arieee. in addition, when inic hav- 
ing high Kogation ability in the difietem cdor inlcie used. 
In the conventional Ta, although there wae no problem 
regarding me kogatton, when changed to the amor- 
phous alloy including Ta. k09atk>n will become noTioea- 
ble incidenially, in tt)6 conventional Ta» iho reason «vhy 
the kogaaon does almosc not oociir is that slight erosion 
of Ta film and kogaiion occuis in a good balanced con- 
dition, wiih the result that accumulative generation of ihe 
kogation can be suppressed by ihe gradual erosion re- 
moval of the surface of the Ta ilim. 
[OOia] As mentioned above, in the arrangemeni in 
Which either the Te liim or the antofphoue eflc^ inciuding 
Ta is used as Ihe upper layer protection film contacted 
With Ihe mK, a i» diffiouli to n^e the eeivice and 
reliability of ihe inK jet head separate^ using mem ink 
having high kogation abSny and high erosive mk onih« 
same substrate svell companble. 

SUH/ftflARY OFTHE INVENTION 

[0014] In consideiHdon of ihe above, an objeci of The 
presdnt invsnrton is to provide en ink jet head subsiraie 
capaible of using both ink having high Kogation abaity 
and high erosive ink, an InkJet head utilizing such a sub- 
strate, and an mk jet reconomg apparatus having such 
a head. 

[001SI Another oi>ject of tho present invention is to 

provide an Inkjet head subsirate having a newimenrW- 
tion layer (or film) capable of removing facsors ror gen- 
erating kogaUon and having no reduaton of discl^rging 
speed in comparison wich a conventional Ta proiectlon 
film or a neyy anti-cavitaiioi) furKsiion capable ot being 
contacted with liquid irom an initial condition, an ink jei 
head utilizing such a substrate , e method for manufac- 
turing such a substrate, eno a method for usmg such a 
head. 

[0019] A further object of the present lnventk>n is to 
provide a head capable of maintaining a properr/ more 
positively in a head (fore)campie. refer to Japanese Pat- 
ent Applk^aiion Laid-Open No 2000-621 80) including a 
movable member shlned by generarlon or a bubtsle and 
. having an anti-cavliation layer providing a good dis- 
charging prapeny. Particularly, although the head hav- 



ing ine mov&We member has an advantage that higher 
frequency dfivmg (than conventional one) can be effect- 
ed, thid property causes ^rupt generation of the bubble 
With high frequency period and has a tendency that mgh 

« level id requested to a bubble genenaiing aiea. The 
present invention provides a new headsubsn^te noi on- 
^ maintain^ the advansage of such a head but also 
avoiding an iniuenoe affecting upon ihe anti-catfiiation 
layer due «o preperty (reaoOvfiy and/or high pl-l) of ink 

» used 

10017] To achieve ihe above obfect, the preeent in- 
vention providee an InkJet head eubstratehaviiig aheai 
generating lesistance member fomilrkg a neat generat- 
ing pdtion: an electrode wirmg eiectrksity connected to 
the heal generating resistance member, ml an ami* 
cavilation liim provided on the heat generating n^isi- 
ance mender and the electrode wiring via ^ insulation 
protection layer, and wherein the anii^vitailon film Is 
lonmed from c^efent materials m ore ihan two layere. 

^ [0016] Further, ihe present lnyentk>n provWes an Ink 
jet head subscrate leaving a heat geitergcing resistaiice 
memberiomiing a heat generanng portion, an elecirode 
wiring etecirically connected to the heat generating re- 
sisiance mennber, and an anti-cavitaiksn film provided 

^ on the heat gensraling rss Istance noent? er and the elec* 
trode wiring via an insulation protection layer, and 
Wherein the anii-cavitation 1 9m Is lormed from at least 
two layer films, and an upper layer film contacted with 
mk has lower mk enosion reeieiance than a lower layer 

so film. 

lOOiq Further, ihe present inyentk>n pnsvklos an ink 
jet head subsoate having a heat generanng resistance 
memberlonning a heat geneming ponion, an eleccrode 
wiring elecEricaly connecced to the h^ generating re- 

^ eistance member^ and an anthcavitaiion him provided 
on Ihe heat generazingree (Stance nnember end ihe elec- 
trode wiring via an insulation protecik>n layer, and 
Wherein the anti-cavitation f^m is lonned from at least 
two layer films, and an upper layer film contacted wWi 

<e mk is a lam on which kogaition is relatively hard to occur, 
and a lower layer film is a fikn having Ngh mk erosion 
resistance. 

[0020] More specifically, in the anti-caviiation film, the 
upper layer film contacted with ink is a Ta film or a TaAl 
film, and ihe lower layer film is an amorphous alloy fi im 
including Ta. 

[0021] The amoiphous alloy film has oonnposition 
comprised of Ik, Fe, Ni and Cr is preferably lepieeented 
as folk>ws: 

so 



Ta^FepNi^Crg 



(0 



(However, 1 0 at.% < a s' 30 ai.% and o i- ^ < 80 at.% 
^5 and ct < and e > y and on* ^ y + $ = 100 at%>. 
[0022] Parikiuiarly, U le prererable that the anti-cavita- 
tion film has a first layer represenied by ihe fomnuia (t): 
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(However, 10 eL% a £ 30 at% find a ^<80at.% 
arKlec<pand6>Yand0 4^4.7«.$s 100at.%),aixl 
a seoond layer made of Ta and oomprieln9 square grat- 
ing cryatal strudure formed on the nrsi laver. 
[0023] Further^ the present Invention Includes an Ink 
j9t tioad in which a liquid path convnumcaiad wKh o dta- 
cliarge pori lor<li9ciicirging ink droplet is provided in cor- 
reepondenoe to the heat generating portk>n on the 
above-menponod Inkjet head substrate. Parficiiiavfy. In 
the ink jet head to whbh Ihe h^ substrate of the 
pneaent inv<efvion is applied, It is preterabie ihai a plu- 
rality of How paihs comnnunicated with ^ discharge 
porta ar& provided, and dfffereni inks are supplied to the 
respective flow paths. In this case, ihe dtfierent Inks are 
at least Ink api to oocur kogatioo arxj Ink having high 
erosion ability. 

[0024] Furth er, the present Inventio n provldec a met h- 
od for manirfaciuring an ink jet head subsirate having a 
heat generating reeislance merntwrfonninga haat gen- 
erating portk>n, an electrode wiring electrically connect- 
ed CO ihe heat generating resistance member and an 
anti-cav«ation Kkn provided on the heat generating re- 
eiscance member and the electrode wiring via an insu- 
lation protection layer, and wherein^ in order to form the 
anti-cavitation film, a Ta film having a squai^ grating 
crystal structure Is fonned on a layer having conrposltlon 
oonnprteed of Ta, Fe» Ni and Cr by spattering using a 
meial Ta target having purity of 99 % or more. The layer 
having compo8iik>n comprised oi Ta, Fe, Ni and Cr is 
preferabhy papresamed as follows: 



Ta^P^pNIvCr^ 



(I) 



(However, 10 at.% £ a ^ 30 ai.% and a + ^ < dO ai.% 
and « < ^ and 5 > r ^ a 4- P $ B 100 al.%>. 
[002^ An Inkjet head m which a HquidpaihconuDu* 
ntcaiod with a cBachei^ portion lor discharging ink 
droplet is provided in conrespondence to the heat gen- 
araring ponion on xhe InkJet head autetrate nr^anufao- 
tured by such a manufacturing merhod is also inoiuded 
in the present invention. 

[0026] In this case, in the ink jet head, it is preferable 
thai the anti-cayttation film has initially wo layers, ar>d 
a stage in which ihe diechaitting Is ejected while par- 
ilally removing an upper layer Ta and a stage in whteh 
the discharging Is effeded Mf>iid removing ihe Ta only 
In an effective bubbling en&a can t>e performed. 
[00271 Further, the preseni invention provides a meth- 
od for manufaciuring an ink jei head in which a DqukJ 
path cormnunicated with a discharge per; for discharg- 
ing ink droplet is provided in correepondence to the hea; 
generating poriion on the ink je; head substraie having 
a heat generating resisrance member forming a hea? 



40 



so 



geoeraiing portion, an electrode wiring eisciriceify con> 
necied to the rieai generating resistance member, and 
an anti-cavitation film provkied on the h^t generating 
(««idianca mamber and the electrode winng via an in- 
euaiion protMion layer, and wherein, in order to fomi 
the Mi-cavilation film, 0 Ta film having a aquare grating 
orystal smiosure iaionned on a la^ having conpositlon 
comprised of la, Fe, NI and Cr by spasering using a 
meiialTaiargei having purity of 99 % or more. The layer 
havftig composition comprised of Ta. Fe. Ni and Cr Is 
preferably n^Kesentsd as follows: 



Ta^FepNI^Crg 



(1) 



»5 



<However. 10 at.% ^ a £ 30 aL% and a 4- ^ < 80 at.% 
and Of < P and 6 > -yand «t 4- ^ 4>y-» 5 s 100 aL%). 
[D028] In this manufacturing method, after the flow 
paih is fonned, by performing a prefimtnarylnkdischarg- 
in9 of>eraik>n, it is preferable that Ta la Gubeiantially 
doped to an amoipn ous itwobiie layer Inducing at least 
Ta and Cr of the ^^^^^ipri layer. 
[0029] Further, a method for using the ink jet heed 
manuiactured by this manuiacturing nr»©thpd, wtierein 
the layer obtained by substantially dopingi Ta into ihe 
amorphous immobile layer including at least Ta and Cr 
of the Ta„Fe^i^Cr^ layer Is used as a ftst surface ik>r 
me Ink or as a layer exposed later, or v/herein ihe layer 
oidiair^ed by adding Ta Into the amorphous surface layer 
including ai least Ta and Cr of tfie Ta^^Fe^NL/^r^ layer Is 
used as a frrst surface for the Ink or as a layer exposed 
later Is also Included in the preseni Invention. 
[OOdO) Further, the present invention can preferably 
be applied to the above-mentfoned inkjei head in which 
a movable member having a free end displaced by 
growth oi a bubble generated In Ihe liquid by (hernial 
energy irom the heat generating povtk>n is posSioned in 
each flow path. 

[0031] Further, the ptneseminvemion. also inductee cm 
ink Jet reeordlng apparetus having a carriage on which 
the above-nientloned Ink jet head is mounted and ef- 
Seeting reoorxJIng on a recording medium by discharging 
the Ink droplet from ihe Ink jet head Vk'hiie ahlfling the . 
caniage in response lo recordfatg information. 

BRIEF CCSCBIPTION OF THE DRAWIMGS 

[ooaa 

Figs. 1 A and 1 8 are views shos'/ing an ink jec head 
substrate aocording to a firsi embodiment of the 
preseni inventioa 

Figs. 2A. 2B, 2C and 2D are views showing ?otwa«* 
stage steps of a method for manufacturing the Ink 
jet head substrate shown In Rgs. 1 A and 1B; 
Figs. 3.^ 3B, 3C and 3D are vievwe showing ciAce- 
<)uen( steps k>lk>wing to the ateps shown m Figs. 
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Fig. 4 16 a pmp«ctiy« vidv^% pertial in section, ol an 
inK hoaq aseombl^d t>y u$ing ih« hoad eUbeuaid 
dhown b) Figd. 1A and 1B; 
Fig«. 6A. 6B1 aiKi 582 are viows «h<MVfng ehangd 
in an anii-caviiaiion fQm of Ch« present inviention 
caused l>y ink having high Ta erosion abiti^ in ac- 
oordance wbh increase in the number of heater driv- 
ing pulsss; 

Fig. 6 is a graph for comparing a service li;e be- 
tween an ami-cavitadon fikn constinjted an upper 
layer made of Ta and a lower layer made of amor- 
phous enoy Indudiig Ta according to the present 
invenuon and an anti-cmriiauon film induding a sin- 
gia Ta layer, wnan ink having high ta erosion aoimy 
is used: 

Fig. 7 is a schematic sid« secuonal view sho^wing 
an embodiment ol a liquid disohArge head suitable 
for The head subsirate of ihe presem invention: 
Figs. 8A. 8B, 8C, SDand 8E are views for esqpiaining 
discharging steps of liquid from tfie liquid discharge 
f)ead shovm in Fig. 7; 

Fig. 9 is a graph lime-iepse change in displadng 
speed and volume of a bubble and itme^apse 
ciiange in displacing speed and displacement vol- 
ume of a movable meme?er; 
Fig. 10 is a sectional view ol a How path for explain- 
ing "straight communicaiing condtion"; 
Fig. 11 IS a perspective view of a pert ol tne heed 
Shown in Fig. 7; and 

Fig. 12 is a schenrtatio perspective vievv eho^iving 
m&\n pana of an inlcje: recording apparatus lo which 
«he present invendon is applied. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0033] An ink jel head according to an embodiment ol 
the preaecit invemion is designed sothat mk paths com* 
municated v^th discharge ports lor discharging sik are 
pravidsd on an ink jet head subetrate having heat gen- 
eraiing resistance members forming heal generating 
portions, ^viring eiecirodes electrically connected to ihe 
heat generating resistance memberB. and an ano-cavl* 
taiion film provkHed on the heat generating resistance 
members and ihe wirings via an tnsuladon pnotectjon 
film. Particularty, the ami-oavitaiion film is confuted by 
two layers, where&i a lower layer is formed flpom anrjor- 
phoiifi alloy Induding Ta and an upper layer is formed 
from 8 Ta film having ink eroelon resistance lower Khan 
that ol the lower layer 

[0034] According lo a construction of the head sub- 
sirate as is m the present invention, for ink apt to occur 
kogation. since the upper Ta layer is removed sligniiy 
and gradually as the nurTit>er of hearer driving pulses is 
Increased, accumulative generaGiion of kogaiion Is sup- 
pressed, thereby preventing reduction of bubbling efif- 
ciency. On the other hand, for ink having high erosion 



abaiiy, anhough the upper Ta layer is removed as the 
number ol heater driving pmses is increased, when the 
interface between the amorphous alloy layer including 
Taand the upper Ta layer is reached, erosion is slopped. 
9 Accordingly, vkihen the pturaJ heal generating poftions 
^nearly aligned on the head substrate are used for re- 
spective kinds oi biks. even if ihe kinds of Inks include 
inkapctDOCcurkogadonandinkapiioerodelb,forboth 
kiks. the head subsoaie can provMe both adequaie 

» seivloeffe and adequate rellMity. 

[DOSS] Further, inihe pres^i invention, in a Iquiddis^ 
chaige head having a movable member in vMeh h^ 
frequency driving area can be selected to lOkHz 
and a level front about 20 kHz to 30 kHx is pemiUad. 

»5 asananti-cavitacionilm.aiwo^ersinictursami-cav 
aation flm in which a Am Including Ta and havmgsquare 
grating crysiai structure is formed on a f »m inchiding Ta 
an<3 having an amorphous structure can be api^tied. in 
The IkiukJ discharge heed having the movable ntember. 

so disappearanceofihebubble is repealed with Ihe above- 
merraoned high frequency period, and many accunmila- 
lion siroeses is given lo ihe and-cavitation film wiihin a 
unit thie. However, aocordhg to the anti-cavitaaon flkn 
Of the present invereion, ttie discharging speed aiid ihe 

53 discharge anrtoum are siaoPtt sd, win the resu It that the 
advantage of the movable memoer can be maintain ea 
eltediveiy lor a long temn. In addilton. an inlkience ai- 
•ectoig ijpon I he anti^avnation layer due to propedy (re- 
activJy and^r nigh pH) of Ink used can be avoided. 

^ (00361 Now, paitiai characteristics of the antKavita- 
lion ilm of the present Invendon will be described m 
mode detail. 

C0O37] An amorphous alk)y proteciwn laiyer of 
TaaFe^NiyCr^ (ho%tfever, 10 at.% < a < 30 at.% and a 

5S ^<80at%and«t<^and6>yandc(4■ fi4-7-^a»100 
aL%) aslhefirsi anti^avbationfllm Is provided at sur- 
teoe wtth a passivation film . It is guessed that, by stating 
spattering of metal Ta having purity ol 99 % or moi« in 
order to form the second antl-ca'/itailon ami on thispor- 
tion. any change for enhancing endurance IS givenlo 
an imerface between square grating crysiai structure Ta 
16^ as the second anti-cc^tation fin) fomfied and the 
amorphous alloy protseodon layer or lo a eurfaoe area 
(namely, passlvaikm fihm such as Cr. Ta) of the 

<^ phous alloy procecdon layer. 

[0038] As a firsi facior. by subetamtalty doping Ta 
used in the second anti-caviiation flm lo the passivation 
film area (indLKjDng Cr, Ta) of the fist antKcavitadon fUm 
by nriagnetron spatleting. the anrM>rphous immobile nbin 

30 »)ciudlng Ta, Cr such as Ta (Fe. Ni. Ci) as amorphous 
bodi' (non-crysial body) is refornr»ed, thereby eliminating 
the cause ol generation of kogation and enhancing en* 
durance. 

[0039] Accordingly, accoroing to this first fcwior. the 
5^ preserii invention nr^ay be an ink jel head subsirsie or 
an Ink jet head tiaving such a subetrase. in which ihe 
layer obtained by doping Ta ireo ihe amorphous immo- 
tn'le layer Induding as. least Ta and Cr is used as a first 



8 



http://vvvvvv6jpdljpo.gojp/gcoriteritdbJpdl?N0000=20&N0400=image/gif&N0401^ 04/04/23 



1/1 ^- 



9 



EP 1 177 699 A1 



10 



auifaco for the ink or aa a lay«r exposed layer. Among 
Ihem. in lh« former cese, ihe didcheroing epeed can be 
mede lo a etable speed from an initial coiKiuicn, and, in 
itie laiter cade, the enduranoe period mte the aur- 
race i» rendoyadbytheeavltelion can beadded. 5 
lOMOi Aa a second factor, a pan of Ta (name^, f^-Ta) 
of the latar-ionmed square grsiang cfystai siructure is 
firmly remained on the surface of the amorptious stiuc- 
ture of the first antl-cavltatfon fOm lo refotm ihe surface, 
thereby enhancing endurance and Icogadon adhering to 
suppressing effect 

[0041 1 This may l>e added to the first faccor. tn any 
cases. simQar lo the first factor, the second (actor gn^s 
the effect solely and provides "structure In which Ta le 
added to the surtacer in place of layer to which Ta is 
dope<r- 

[00421 As a eiifd lacior. Ta relating to both or eaher oi 
first and second factors is doped (o the anwcphous body 
of Ihe first antl-caviiatlon fBrn orpassivation film Thereof, 
as a reeuti iha; the removed (eroded) fi-Ta layer is sut- so 
jecied to pr&ssure due lo caviialion. Nameiy, when ihe 
Ta is substantialiy doped (also coJted reverse-spat- 
tering) tsy aging in the manuSaciure of ihe head (prelinv 
inary iiqutd dischanging is previously effected as a man> 
ufecture ending process) or oubbie disappearing action ^ 
during usage, Ta acts on *nE to be removed (eroded) or 
on Ta finniy adiiersd to the swface ol the amorphous 
body or on Ta doped m the passi»^3lion film, thereby 
fomning the anti-cavlation fftn iiself or suiface ihereoi 
having n^ore excellent endurance and pnsveniion of oc- ^ 
cunrence of i^ogation. 

[0043] The third fecior can also be regarded as ihe 
sole characierisric of the present invention. 
[0044] Of cou rse, ii can be understood that, when The 
first factor is obtained as the first starface for coraacting ^ 
with the ink, fVTa ciyst^ stnicrure film is removed by 
using the aging m the manuieciu^e of the head. Fuither, 
a contbination of the met lo tNro factors and a oombina* 
lion of first eno third factors constltiite ihe sole charac- 
teristic of the present invention, respectively ^ 
[004S1 mtiiisexample. whBethe upperiayeranti-cav- 
Itation film lA/as fonned from Tft, any material may be 
used, so long as such material is gradually eroded by 
the ink. Further, while the tower layer anti-cavitaEion film 
was formed Itom amorphous alloy including Ta» any ma- 
terial may be used, so long as such mateiial has high 
ink erosion reeistBnce. 

[0046] Furiher, when it Is consideredih^ service Ih^es 
of the heal generaiing portions relating lo Afferent color 
Ink cheracterisilcs (i.e., Ink apt to generate kogatlon and 30 
ink having high erosion resistance) are extended by us- 
in9 different materials, the kinds of the antt-cavitation 
films are not limited to two, but, three or more films may 
be used, or peifonmance of the protection fwm may be 
further improved to provide ink erosk>n resistarice. S5 
[0047] INJow. embodiments o? the present invention 
will be explained v^iih reference to the accompanying 
dra^vings. 



(First Emt>odimenij 

I004a] Figs. lAand 1 B show an inkjei head substrate 
accotxiing to a first enr^dimeni of the present imreniion , 
Where ng. 1A is a schematic top view showing main 
parts of Ihe head substrais , and Fig . i B is a scnenrKM Ic 
side secoonal view talcen along the line IB - 1 B in Fig. 
1A. 

IP049] As Shown In Figs. 1 A and IB, a sOlcon oxide 
film as a heat aocimdation layer 28 is formed on an Si 
substrate 23, and a heat generating resistanoe layer 24 
and afcjirtnum layers as ^ecBXxJewfrfrigs 22 are tormed 
on the layer 2a wrth predetermined patterns. A portion 
of the heat generating resistance layer 24 dispoeed be- 
hMsen a pair of electrode Hiifngs 22 oonstilute& a heat 
generating portion 2i for ei>ruptiy heating and boKmg 
mk. 

[fiOSiJi A s4 ico n nitride layer as a protacson fttm 25 for 
mainly nvaincuni ng ir£ulaik>n bieiweenTheelecirodes22 
is fonT>ed to coverihe heat generanng resisiance layer 
24 and the elecanode wirings 22. and an amoiphous alloy 
film including Ta and having high ink erosion resistance 
as a iowe- layer anil-cavfeation film 26 and a Ta film hav- 
ing relaiively good kogaiDon abimy as an upper layer an- 
tl<av«taaon film 27 are successivety formed iherson. 
Funher, the upper layer anihcavitaiion film 27 has Irk 
erosion resistance lowerthan that of the lower layer ami* 
cavilation fSbn 25. 

The amorphous anoy film InokicSng Ta as the 
flrsi anti-cavaalion film 27 comprises Ta, Fe, Ni and Or. 
By using such aUoy. ihe ink ero&lon resistance is in- 
creased. Further, one or more atonns selected from a 
group irxsluding Tr, Zr, l-lf, Nb and W may be included. 
0)052] Further, as the amorphous alloy, amorphous 
altoy including Ta and represented by thefolkswingoonv 
position (1) is preferable: 



Ta^FSpNl^Crg 



(0 



{However, 10 at.% ^ ft &* 30 at.% and a 4- ^ < 80 at.% 
and or < p and € > 7 and a-i-p-i.Y4.$Bioo at%}. 
[D063] In this ease, an amount of Ta Is set to a range 
from 10 aL% to 30 at.%, which Is k>wer than that of the 
amorphous alloy including Ta artd havmg the aoove 
compossion. By adopting such lowTa ratk>, nrtoderale 
amorphous area Is added to the alloy to provide a pas- 
srvaiion filrri, with the result that existing points of crystal 
Interlace creaiing base or erosion reaciron are reduced 
efiectivefy, theret>y enhancing ink resistar)ce while 
maini3BDing ana-cavifation abilicy to a good level. 
[0064] Parik:ulariy, for ink including bivalersmetalscdi 
suoh as Ca or Mg or component forming chelaie body» 
the effed es the passlvadon Sim a achieved, thereby 
preventing mk erosion. Incktenjally, in the above conv 
posSion f I), it Is more preTerable that a is 1 0 at.% 5 a i 
20 ai.%. Further, more preferably, 7 ai.% and $ 2 15 
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ai.%, and d at% ane 6 i 17 a:-%. 
[0055] Onth«o\tierhand,Taa8th«edcondanti-cav- 
nation film 2d i$ Ta (afeo caiiea as ^-Ta) comprised oi 
eqware gratmg cryeiai eimcturo and has a property in 
Which Ta is gradually removed ewe by mtte by cavitation 
generated in ine disappearance of the bubble m ine neal 
generating portion 21. and more specincal^. I* is a Ta 
film (layer) has/ing square graiing crystal OTuciure 
foryned by spattering using a Ta larget having pu- 
riiy of 99 % or nvsre, as will be descrbed later, 
[0066] Next, a meihod tor manirfacaifing the ink Jei 
head substrate having the above-mendoned sEfuciure 
Will be explained with relerence to FIge. 2A to 2D and 
F|g9.3Alo30. 

[00571 As shown in Fig. 2A. a silicon oxkne Wm having 
a thickness or 2400 nmf onning a heat accumulation lay- 
er 23 as an underground for the neai gei^eretlng rnenn- 
berie formed on 6kn Si eubsimte 23 by a ihenndl oxida- 
tion method a spadering mediod ora CVD method. 
[0056] Than. a&shownlnB9.2B, a Wllayer having 
a ihlckneas at about 100 nm as a heat generadng re- 
sieianee layer 24 is ^wned on the heat accumulation 
layer 28 by reactive spalierlng. and an aluminum layer 
having a thickness oS 500 nm es electrode wirings 22 Is 
foimed by spattering. 

[005^ Then . the aluminum i aver is wet-etehed by us- 
in9 a phoioliinogrephy method, and further, the TaN lay- 
er is subjected to reactive etching, thereby lorming the 
elediwle Wuings 22 and me heat generating resistance 
layer 24 having cress-sectlona! areas shown in Fig. 2C 
(regarding plan vie^v, reierxo Rg. 2A). The heat gener- 
ating pordon 21 shovfli in Figs. 1A and IB » a portion 
of the heai generating resisiance layer 24 from which 
the aJumlnium layer is removed an d seiyee to apply heai 
to ink when electrical currens is supplied between the 
electrode vKirings 22. 

|006<^ Then.aeehownlnFlg.SD.a&lliconnttridenin 
having a thickness of 1 000 nm as a protection layof 25 
is foimed bv spattering, and, further, as shown in Fig. 
3A. an anfwiphoua alloy iiim »»iudlng Ta and hawing a 
ihicknesa oi about 100 nm and having oomposftion ol 
Da: aboift 8 ai.%» Fe: about 60 at%, Cr 10 at% and Ni: 
about 9 at.% is fonned by spanering as a lov/er layer 
anti-cavitation film 26. The emoiphous alloy film includ- 
ing Ta can be formed by a two-dlmenslonal spattering 
meshod m which powers are applied from wo power 
8upplle& connesced lo a Ta oigei and an Fe-Cr-Ni rar- 
get, as well as a spastering method using alloy tEMPgei 
comprised ofTa-Fe-Cr-Ni. 

(OOeil Further, as shown m Fig. 38. a Ta (also called 
as p-Ta) layer having a inicKness oi about 15C nm and 
including square grating crystal siructune is formed as 
an upper layer aniKa-rftation fiini 27 by magnetn>n spat- 
lering by using a meiai Ta taigei having purity or 99 % 
or more tpreierably, 99.89%) Inddenially, so long as ^ 
Ta having \We above crycial structure is formed, a spat- 
tering method oiher than ihe magnetron spattering may 
be used. 
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[OOeai m this case. Ta is doped to a surtece portion 
ol cc-Ta (Cr. Fe. Ni) layer as the lower layer amorphous 
alloy film inckiding Ta. Ho\*ever, although the aa>or- 
phoue structure of a-Ta layer is not greatly altered, by 

5 doping Ta lo the surface area, it is considered that Ta 
becomes ncti at the suiiace ponton, m this case: smce 
a-Ta (Or. Fe. NI) layer has relatively much Cr. it is con- 
sidered iha[ doping uflih Ta rich is effected to thepasai- 
vailon layer such as Cr It is guessed ihaiihis portion at 

K> least enhancee ihe end urance of the prxxecdon layer. 
[0083] Then, as. shown In Fig. 3C, a neeist patrem is 
termed on 1^ by using a pho€olkhogpaphy method, and 
Ikot the uppei layer and «ie amorphous anoy film in- 
cluding lowwr layer Ta to aucoesslvely eut>iecied to eich- 

^9 119 by U8«ig etching Bquidmainiyinciuaing hydrofluoric 
acid and niuic add. thereby obtaining predetemtined 
shapes. 

[0004] Then, aa shown in Fig. 30. a resist pattern ie 
lovmed on ihe pnotecnon fim by a photoBthography 
20 meihod, and electrode pads as aluniinium elecirodee 
Vequlred for connection io an external poawer supply are 
exposed by dry etching using CF* gas. In this way, xhe 
manufacture of main pars ol the Ink )e{ reeoiding head 
eut^sirote Is completed. 
^ [00$5J incidem^. as disclosed In U.S. Patent 
4,429.321 . en imegraied circuit for drivir^ the heat gen- 
erating members may t>e incocpocated into the same Si 
substrate. In tnis case, sknilar to me wlrlnge, it is prel- 
erabie that the integrated circuit is covered tjy the pro- 
it) lection liim 25. first anti-cavltauon film 26 and second 
and-cavitation film 27. 

[0066] The ink Jet head (for example, refer to head 
shov^ in Fig. 4>was assembled by usingihe ink jet head 
subetratemanufaoturedinthis wiiy^andtfie nozzle anay 

S3 iomwd on Ihe same substrate was divided inio three, 
and oyan Ink having high eroek>n ebi&y, and yellow and 
magenta Inks relative^ apt to occur accumulation of ko- 
gaiion were suppSed lo the cKvided three noizie arrays, 
mpecthrely. and performance of iNs head was 

^ Checked. Ae a result, it was lound that the heater is not 
damaged in the heater portion using cyan hk. and ko- 
gaiion does almost not occur and discharging power Is 
nor reduced in ihe heator ponions using yelk>v/ and ma- 
genta inks, with xhe result that a service life of the head 
up 10 about 1 X 10E9 pulses can be ensured. 
[POBT] Here. Figs. 5A, 5B1 and 5B2 show change in 
Ihe antl-caviiation illm of the present invemion due lo 
ink l"iaving hIghTa erosion ability, in accordance with ihe 
iru^rease in the number of healer drwng pulses. Figa. 

30 5A, 5B1 and 5B2 are enlarged views showing the heat 
generating portion shown in Fig. iB end therearound. 
Where Fig. 5A is a sectional view showing Itms when 
the number of heater driving puisee s: 2 x 1 0^. Rg. 6Bi 
IS a sectional view ehowing films when the number ol 

w heater driving pulses > 2 x 10». and Fig 5B2 is a plan 
vievvoi Fig. 5B1. 

[0068] In an initial condition shown in Hg. SA. since 
the upper layer comprises Ta film 27, even when the Ink 
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ap4 to rdtativoly occur eccumu latino kooation is u$oa, Ko- 
gallon does atmost noe occur in the hoaier portion and 
(ho cK&ctiarging powor \z not roduoed. Th« reason i$ as- 
oumod thai, ae tho ntmoer oi drMng pui»08 id- 
croddod, iho surfaoo ofHsi film is rmovod litQo by litiio, 
thereby suppressing accumulative occurrence of koga- 
tkm. This eiieG! can be obtafried by using TaAl, as well 
as Ta film used as the upper layer anti-cainiation film 27 
as is m tfiis example. 

[006^ On ihe oiher hand, when ihe number ot heatier 
drfvbig pulses is increase Trom the InBial condSion» la 
film 27 contaoEGd wish the ink having high Ta erosion 
abllirjr is gradually eiodsd, and ultmnaleiy, as shown in 
Piga. sei and 5B2» the aniorphous anoy inn 25 metud* 
ing Ta is exposed m an efieeuve buttling area (area 
when» heat generated at an area (heater area) where 
I he heat generating resistance nr>ember sxists between 
the eiecirode wirrnge eifecilyeiy acts tor bubWing the 
in lc>. with the re&uii ihat the erosion due to ink b stopped 
at the imerface between itie amorphous alloy filn 26 In- 
eluding Ta and the Ta film 27. This e^eci can similarh/ 
be oinalned by using 8 instance having Inic erosion re- 
sistance, for exan^le, anti-cavtiation film 26 liaving a 
suifece on v'inich an oxide film including Or oxide is 
fom^ed. as weii as the an^orphoua aBcy fikn inciudmg Ta 
used as me iower layer ami-caviiation rum 26 as is in 
ihis example. 

(007<i Fuither. in the process from rigs. and $8i 
When ^-Ta layer being removed is subjected to pressure 
created by cavitation dunng the inK butibiing, Ta is 
doped to ihe amorphous body of the amorphous alloy 
surface layer incl tiding Ta or passivaiion film xhereof. 
Namely, when iheTa is substanoally doped (also called 
as reveise-spaiteffng) lo tlie amorphous body of «he 
amorphous alloy surface layer including Ta or passiva- 
tion fitn there<^ by agiig in the nnanufacture o^tiie heed 
(prelbnlnar^' liquid diseherglrkg is prevbusly effected as 
a manulaciurs ending process) or bubble disappear* 
ance action during usage, the anti^caviiation surlaoe 
le^er or the enuii» mm having excellent endurance and 
preventing occurrence of Icogation can be formed, inci- 
dentally, (rem the above reason, when the ink jet head 
substrate and the head having suet) a substrate are 
used l3y mounting than to ttie recording apparasus, tlie 
layer otTialned by doping fi-Ta lO the amorphous body 
of th e amorph ous alloy suit aoe layer i ncl udin g Ta or pas- 
sis^ion film thereof may be used s a first surface for the 
ink orbe exposed later In mis case, in the former head, 
the discharging speed cen be stabilized fix^m the initial 
condition, and, In ihe latter head, a time penod hard to 
occur Kogation unid the first suriaoe is removed \y/ cav- 
itation can be added. 

[0071 ] From lbs above, as snown in F ig . e, the se rtnce 
life of the heater portion using the inK having high Ta 
erosion ability is considerably extended in cor7;parison 
with the anth<iav1iation iltm comprising a single Ta layer, 
and, at ihe 8<vne time, r^arding the heaier portion us- 
ing the inic api to occur aocumuladve Rogation, good 



bubbly efficiency can be maffUained. 

<$econd Enrtbodn^) 

5 IP072] Next, an SKampie of an inic jet head to which 
the above-mentioned inlc jei head sulDStratd can be ap - 
plied will be explained. 

[POT^ Ftg-4isaperspeciiv<eview,lnpanialseGiian. 
shovringmain pariso; an ink |ei head assembled tyyus- 

» 119 the head subsirate shown in Rgs. 1A and IB. Ac- 
cording to 4» an inic jei head 1101 constiiut^ by 
heat generadng resistance members 11 03, wiring elec- 
trodes liOdJiquid flow path wads 1110 and a lop plate 
1106 which are formed on a head substrate i1C2 as 

f« Shown tn Figs. iA and IB through semiconductor pioo> 
esses sucn as etching and deposition spattering is 
Shown. 

t0074] Recording ii<iuid Iii2 is Supplied from a ttquia 
sioring chamber (not shown) to a common liquid chsm- 

20 bar 1108 of the head 11 01 through a Squid supply Tube 
1107. In Rg. 4, the r^erence numeral 1100 denoiee a 
connecior for the I^uid stvply tube. The liquid 1 1 1 2 sup- 
plied toihecomn>on liquid chamber lloa is supplied 10 
the liquid flow paths by a so-called capillary phenome- 

^9 non and IS siabry held by forming me mscus at discharge 
port surface <orifice surface) communic^ed v«h distal 
ends of the flow paths. Fujtf>er. eiectricawhertnal con- 
verters 1103 are provided In the respect^/e liquid flow 
paihs. The liquid How paihs are defined by joining the 

^ lop plate 1106 10 the Ikjuid flow paths wails liic. Fur- 
ther. the liquid supf>iy lube connectors 110S. common 
iquid chambers 1108 and ptuial liquid flow paths conv 
murncased thereto are panitioned on tho same head 
substrate for types (for example, colors) of recording liq- 

^ uids. 

[0075) By energizing ihe eleciricaraiennal convener 
1102, the iquid on the elecirlcaimMffmei oonverier Is 
heated quickly to generate a bubble in the liquid, and 
the Hquid is discharged irom a discharge pen I11 by 
^ growm and contraction of the bubble, thereby fonrting a 
Iquid droplet 

fThird Embodimeni) 

[0076] i-lere, another embodin>emeNecdve as a head 
sifucture using the ami-cavitaiion layer of a-Ta^Ta. 
Further, the head scructuredescnbed herein can appro- 
priately becombined with the above-menttoned embod- 
intenls. 

10077) Fig. 7 Is ascnemailc side sec^onal view show- 
ing a Squid discharging portion of an embodiment of a 
iquid discharge head to which me head substrate of the 
present invemion can be appBed. Further. Figs. eA 10 
8E are views for explaining one-shot liquid discharging 
seeps or processes from the liquid dscftarge head 
shown in Rg. 7. 

[DOTS] Firet of aH, a construction of ihe Squid dis- 
chaiige head vAI be explained with reference to Fig. 7. 
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{0079] The liquid dtectiargd nead oonnpri$e& en 
menuubsiraid i Indudlno heal generating portionfi 2i 
a» buboie senerating mean« «nd a movable memoer 
1 1 . a \pp plate 2 on which etoppare (regulating portiorte) 
12 ara f omned. and an orifice plate 5 in which diacharga 
pons4aratoim6d. 

[0090] Flow paito (liquid flow paths) 3 are fomned by 
laminating ihe etomeni subsirase 1 andihe vop plaEe 2. 
Further, a pluraiity of ^w padis 3 are fonnad eide by 
side in the single liquid discharge head and are commu- 
ntcated with downstream side (left n Fig. 7> discharge 
porta 4 for dischaighg liquid. A bubble generating area 
ex«e» m the vonlty of an area where the heat generating 
portion 21 contacts with tne nquld. Further a large vol- 
Ufne convnon liquid chamb<»rd are comntunicated mh 
the flow paths 3 eimuHaneously ai an upstream side 
thereof (rigw in Fig. 7). Namely, the flow paths 3 are 
branched from ihe single common Kquid chamber a. A 
herghfi of the common Iiquidchant>er6 is higherihana 
heighii of each tlow paSi 3. 

[(W81J The movable member 11 is supported at its 
one end in a cantflever fashion and is secured w Tl>e 
elerrtent sulTSirate 1 at an upstream side o? ihe ink fiow- 
Ing direcdon. and portions bi ilie movable member at a 
downsiream side of a fulcrum ii a can be displaced in 
an uf>-dnd-ciown direction with respect lo the element 
aub^rate i . in an initial condiiion. the movable member 
1 1 is positioned substantially in parallel wiin the eienr)eni 
substrate 1 with a gap therebetween. 
[0082i The movable member 1 1 pn>yicsed on (he ele* 
mem substrate 1 is positioneci so ihat free ends 11b 
thereof are locaied in oenirai areas of ihe heat generat- 
ing portions 21 . Further, each stopper 12 regulars an 
upward movemeni of the free lib of ma movabla 
member 1 1 by abutting agalnsi the free end. During the 
regiilation of dKplacement of the movafc>le member 11 
(upon contact of the movable member^ 1^ the contact 
beaween ihe nKtvabie nnember 11 and the stopper 12. 
due to the presence oi tha movable member 11 and the 
stopper 12. the flow path 3 is substantially blocked at 
the upstream skle by the presence of die movable mem- 
ber 1 1 and the stopper 1 2 ana at the downstream side 
by ihe presence of ttie noovable member ii arid the 
Stepper 12. 

[0083] A position Y oi ihe free end lib and an end X 
of Ihe stopper 12 are preferably posiitoned in a plane 
perpendicular to ihe element substrate 1. More prefer- 
ably, these positions X, Y are positioned together with 
(he center Z of the heat generailng portion 21 on the 
plane perpendicular to the element substrate. 
100841 Fufth er. a height of the iiow path 3 at ihe down- 
stream side of the stopper 12 is abruptfy increased Wih 
(his arrangement, even when the movabie member 1i 
is regulated by the stopper i2, since the adequate now 
path height is maintained, growih as a bubble is not ob' 
s^ruciea svith the result that the liquid can be smoothly 
direcied toward the discharge pon 4. Furiher. since un* 
evenness in pressure balance benveen a lo\ver end and 



an upper end of the cSsch arge port 4 m a heigm direction 
IS reduced, good Bqukl discharge can t>e achieved. In- 
cidemaiw, in the con'/emionai Pquid dischargs head 
havmg no movable nw^ 1 1 . if such a f k>w pmn stiw- 
9 ture is used, siagnaeon is generated at a lone where 
the flow path height is increased a t th e downstream side 
of ihe stopper 12. and bubbles are trapped in ihe ssag- 
nsDon zone, which is nor pr^able. However, in the ii- 
lusbaled embodiment, as nnemioned above, since ihe 
flow of fquid reaches the stagnation zone, bubbles are 
aknoei not trapped. 

t0085| Further, ihe ceiling oonflguvadon at ihe up- 
stream side of the stopper 12 toward the oonvnon bqwd 
chamber 3 is abrui)dy risen. 
^9 [OOOQ With this arrangement, if there is no movable 
nf)ember 1 1 . Since liquid lesissance at the dowmstrem 
Side of (he bubble generating area is smaller than that 
ai theupstiisam side, Ihe pressure usadfor the discharg- 
ing is hard to be directed toward the dtoharge port 4. 

so However, in the iSusirated em bodmefTi, during ihe for- 
mation of the bubble, since the shifting <^ ihe bubble so 
Ihe upstream side of Ihe bubble generation arealssut>- 
sttintiaily blocked byihe movable member 11. the pres- 
sure used for the discharging is positively directed co- 

^ ward the discharge pot 4. ana during the suppiytngol 
iik» since the Iquid reeisiance at the upstream side of 
the bubble generating afsa is smaH. the ink can imme- 
cfiatefy be supplied to the bubble generating area. 
[0087) According lo the above-mentioned anww 

^ nfwni, a growing conH>cnent of the bubble cfireciing to- 
ward the downstream side is no; even with respect io a 
gro^-ang component of the iHJtJble direciing ioward the 
upstream side, and ihe growing conponent to%MUT] ihe 
upstream side becomes sman and ihe shifting of the iiq- 

^ uidtowand Ihe upeiream side is suppressed. Since Ihe 
flow of the liquid toward the upstream side is sup- 
pressed, a retard anMMjm of meniseus after discharging 
is decreased, and an antoum o< meniscus protruding 
from the orHioe surface ("qukJ disciiarge surface) Sa in 

^ the .re*(« is aiso decreased accordingbr. Ther^oie. 
Since vtorauon of ntenlscus is suppressed, stable drs> 
Charging can be realized m an driving frequencies from 
low frequency io tugh frequency: 
pN»8] Inddentaly. in the iHustraied embodiment a 

<^ pah stmcture between the Ck>wn8tieam side portion of 
the bukTble and the discharge pen 4 is maintained lo 
"Straight convnunioaaon condiiion' wih respect to ihe 
iquid fiow. Regarding this, more pmfenibty, it Is desira- 
ble to create an Ideal condition ihet discharge condh 

^ tlons such as di8ct)eivng d»ectlon and discharging 
speed of a discharge dropiei 66 (described later) are 
stabilized with very high jevei by finearly ailgfting a prop- 
agatmg direction of the pressure wave generated during 
the generation of (he bubble, a flowing direction oi the 

S5 Iquld caused ihereby and a discharging direction wirh 
each other In ihe illustrated embodiment, as one defi' 
nition for achieving or approximating such an ideal con- 
dition, ii may be deslgried so thai ihe discharge pon 4 
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la oinectw conneci^ci lo ihe heat g«iw«ijng poruon 2i. the regulation oT the movable memoer dv rr»an$ of the 
particular^ lo we discharge port 4 aide (dowieiream regulating portion is pettormed ai a stage thai the die- 
Side) portion ol the heat generating portion 2 aftecting placement ol trie movable member eut>stangaify folows 
an Influence upon tne cfoctiaige port 4 side portion ol the eh^mg o( the Iquid. Here, for corYyenience! the die- 
the CiuDbie. In Btie airangemeru. H (hens is no nquid in 9 piacenr^m speed o( the movable member aruj the ^ow* 
ihe flow path 3, the heal generating pcition 2 1 , particu- speed ol the bubble (shVllng speed of the tiqui d> are 
(art/, til e dowisiream side portion of the heen generating represemed by "movaWe member tfisplacemere volunie 
portlon21 can be observed from Ihe outside of Ihe dis- chan^ng ratio* and nibble wslime changing rado". re- 
charge port 4. specih^ely. 

{00891 Next, dbnensione of various oonetnieturalele- »> pK»5| Incidentaly. -movable member dispjaeemem 

meois wiD be explained. volunie chan^ rsfio- and "bubble vDlume changing 

[0090] lniheil)ustFaEedenr)bodlmeiK,bycheddngor raiio- are obtained by dIfiaiendaEing the movable mem- 

examinlng Ihe golng-eround of me bubble onto the up- ber displacement vdume and the bubble volume, 

per surface of the movable member ii (gomg-arotind [0096] Wth oie arrangemem as memioned above, 

thebubbistoiheupsueamsideofihebubbiedeneraung since the flow of the liquid oausng the going-arCMndoi 

area), it was found that, in dependence upon a relation- the bubble onto the upper surface of the movable nr>em- 

ehipbetweentheshtftingepeedoflhemovabiennember berii is generetfyeliniiMtted and a sealed condition ol 

and the bubble growifKi speed <in other words. sMiUng the bubble generating area cft) be attained nwce poei- 

speed of liquid), ihe going^around of ihe bubble ontoihe tively; the good disoharging pffopeny can be obtained, 

upper surface Ol The movatiie member can be prevent' so [p097] According to the BHisiratedarranganeni, even 

ed. thereby obcalning a good dischariging property. aSierihe movable member 11 is nsgulaiedbythe stopper 

[0091] That is to say, in the inustraied embodinrwnt. 12. the bubble 40 condnu&s io be grovm. In ihis case, b 

by regulating the dlsplacenrY^rt die movsable mennber is de»rabte ihai an adequate distance {prccruded height 

by means of ihe regulating potiions at a time v4ien a of ihe stopper 12) between itie stopper 1 2 ponion and 

volume changing ratio of the bubble and a dispiacemem £9 asurf ace (upper wall surface) of ihe flow path 3 opposed 

volume Changing ratio of the movable member ter^d lo the substrate i is maint^ned to promote free growth 

be increased, ihe gomg-around d the bubble onto the d ihe dowstream component of the but* is 40. 

upper surface of the nrtovebie member can be prevent- [0098] inddemany. m a new Iquld discharge head 

ed, thereby obtaining a good discharging property. proposed t>f the inventors, regmauon ol displacemeni 

[0092] This Will be fully explained with reference lo ^ d the movable member by nwans of the regulating por- 

Figs. 8A to 8E. Hov/ever afthough ih»e construction of iion represents a condition that the displacement vol- 

the element substrate 1 in Rgs. SA to 8E is as shovm in unrie changing ratio of the movable memfc>er becomes 

Rg. 7, for convenience, itis scheniatically shown In Rgs. zero or minus (negative). 

8Ato«E(slmllarinFigs. lOandll). [0099] The height of the ttow padi 3 Is 55 and a 

[0093] First of alL from a eondftion shown in ng.8A, S3 thickne6sdthemcvablenrierr4>er11 i8 5(jun% Inacon- 

a v*en a bubble is generated on the heat generating cfition that the bubble is not ger>erated (in a condiUon 

ponion 21 . a pressure ws^ Is geneieted insifintane- that liie movable mecDber 11 is not cfispleced). a dear- 

ousty. When iguid around the heal generating pcition ance between the lowersurface of the movable mender 

21 is ehirted by Ihe pressure wave, the bubble 40 is be- 1i and the upper surface ol the eiemem substrate i Is 

inggrown. initially, the movable ni>ember 11 is disptoeed ^ 5<iun). 

up^kraidty lo sut:«tamiaBy lolow the shining of the Bquid [01001 Further, in a case where 9 is assumed that a 
(Fig. 88}. As time goes on. since an mertia force of the height from the flow path wail surface of the lop plale 2 
liquid t»ecome8 small; by an elastic force of the movable lo ihe disial end of the stopper 1 2 Is t| and a clearance 
menDber 11 . ihe d isp ladng speed of the movable mem- beivveen the upper surface of the movable memb&- 11 
berii Is abrupdyn^kiceain this case, since the shming <9 andthedi8ialendafthesiopperl2iste.\vtient|i5greai- 
speed of the liquid is noi so reduced, a difference be- er than 30 Oim). the stable Iquid dischtnglng pioper^ 
iween the shlfdng speed of ihe liquid and ihe etuning can be obtained, l>y selecting ^ to 16 (}im) or less. Fur- 
speed of th e movable n^ennber 11 becomes greaiL Ai this iher, ivhen t^ is greaier then 20 (}im), t^ is preferably 
point, if a gap betuveen the movable nrtember 11 (Tree sntaOer than 2S ijim). 

end lib) and the stopper 12 Issdn remained, the liquki so [OlOlj Ne>a, a cne^hot discharging operation ol the 

flows into an upstream side oi the buboie generating ar- iquid discharge head according lo the illustrated env 

ea, with the result that the movable member 1 1 is hard bodinoent will be fully explained wiih inference to Rgs. 

10 be contacted with the stopper 12 and a discharging aA to 8E and Fig. 9 showing ume-iapse change m die- 

force is partiaiiy lost. Acoordlngty. in such a case, ads- placement speed and vdume of the bul>ble and lime- 

quate regulating (blocking) effect o? the movable ntem- s» lapee change in dispiacerneni speed and displacemeni 

ber 11 by means of the regulallng ponion (stopper 1 2) volume of the movable member, 

cannot be achieved. [D1Q2] In Fig. 8. the bubble volume changing raiio v^ 

[000^ To The contrary, in the Ulusoraied embodiment. is shown by ilie solid line, bubble voiume is shown 
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by the two doi and ctiain ine, moved^e momDer did-, 
pfacamem volume changing raiio v„ i$ $howT» oy th« 
broken One, and movable memkw ctepiac*m«mvokinr»« 
Vni id 6hown by ihe dot and chain Ym. Fmther, mo e>ub> 
bid voiumo changing redo b po6W« when Ui(» bubble 
volume V|y is increased, the t>ubbta vomme V^, id posvive 
when the volume 18 increased, the moval>le member de- 
placement volume ctians^ng ratio v^i is poeidve when 
the movable member displaeenneiic volume Vm is In- 
creased, and the movable member dIsplaoemeiK voh 
ume is positive when the voUume is increased. Inci- 
dentally; since the movable member dtof>iacemeni vol- 
ume Vo, « positive on the bas« of the vdiime oMamecs 
When the movable member 11 is sMfied from en initial 
condition shown m Fig. 8A toward the top pleie 2, when 
the movable memt>er 11 is shified Irom the initial condi- 
tion (oward Ihe element substrets 1 , the movable mem- 
berctopiacemem voiume Vn, inoicaiesanedaii^vaiue. 
(01 Fig. aA shows a condirion t>eior6 eneri^ such 
as electrical energy Is appBed to ihe heat generating 
portion 21. i.e., a condition befoie the heat generating 
portion 21 generacesihe hoai. As v4ll be described laier» 
tlie n^vable member 11 Is positioned at an area op- 
posed to the upstream Inati c4 the bubble generated by 
the heat of the heat generating poruon 2i . 
fOlO^ in Rg. 9. this condison corresponds to A pomi 
Where time l » 0. 

[010^ Fig.d8showsacondilionthatapaftof theliq- 
uki fHiing the bubble generating area is heated by the 
haat generating portion 21 and the bubble 40 starts k> 
be generated by fihvboiling. in Fig. 9, this condition cor- 
responds to an area from B poire to imfnedteeely before 
Ci point, and. in thas case, the bubble volume 
creased as the lime goes on. IncxtentaBy. In this case, 
siailing ol the displaoement of the nfKvable nriember 1 1 
is delayed fiom ihe volume change d the bubble 40. 
That Is to say, the pressure wave generated by genei- 
aliOA cf the bubble 40 due to riim-boiiiiig is propagated 
in the flow peth 3. and the Iquid is shAed irom me can- 
tral 2one of the bubble genetating area toward the down- 
stream and upstream sides accerctng^, and. m the up- 
stream Side, the movable member ii starts to be dis- 
placed by the flow of the liquid caused by ihe grcwih oi 
thebubt>le40. Fiunhen the llqukSshihiiignward ihe up- 
stream side passes between the side walls oT ihe flow 
path 3 and the movable member 1 1 and is directed to- 
ward Ihe common Gquid chamber 6. Ai ihis point, ihe 
clearance between the stopper 12 and the movable 
member 11 is decreased es die movabte number 1 1 is 
dlspiacea In ihte condition, the discharge droplet 66 
atans lo be diecnargeo from the etech&ige port 4. 
[01 0^ Fig. dC Shows a conation that the f rse end 1 it> 
of the movable member n is contacted with the stopper 
12 by the f urihsr growth ot the bubwe 40. m Fig. g. this 
cordStion corresponds to an area bet\yeen C| point and 
C3 point. 

[01 07] From th e condition shown in Fig . 8B , the mov- 
able nnember displacemem volume changing rado v„, is 



ab^upuy decreased beiore acondiiion. shown in Fig. OC. 
th^ the movable member 11 contacts vtah the stopper 
12, i.e.. ai B' point when B point is shitted to CX, pomi in 
Fig. 0- The reason is that, immedieteb' before the mov- 
5 able n^en^r 11 contacts with the stopper 12, how re- 
sistence of ihe liquid beiwsen the movable nnember 11 
and the stopper 1 2 becomes great abruptly. Further, the 
biri^ble volume changing ratio is also decreased 
abaqsdy. 

» U9t9S\ Thereafter, ihemovaMememl)^ 11 fureherap- 
proachesihe 8K>pper 12andultimaielycontaeiswihihe 
letier The ooiitactbe£ween the movable member 11 and 
the stopper 12 is positively realized smce the height t-, 
ol the stopper i2 and the ciearance between the upper 
surface of the movable member 11 and the stopper 12 
are diniwfteio ned as mentioned above. When the mov- 
able nnember «i contacts wiB> the etopperi2, since the 
further upward displacement of the nrtoveois member is 
legulal^ (C^ 10 points in Fig. 9), the shaking ofihe 

^ Iqukfiowardthe upstream direcdon Is great^regulaied. 
In accordance with this, the growth of Thebiit)k)le 40 io- 
vnvdihe upsiream direction is also Bmiied by the mov- 
able menrriber 11. However, since the stiff tingforcecfihe 
Iquid toward the upsiream direction Is great the mova- 

^ bie member 1 1 1s subbed (0 greaterstrsssto be pmied 
toward the upstream direction, wiai the result that die 
movable mentor is sitghiiy defomned in a convex form 
upwardhy. incidentally, in this case, the bubble ^ con- 
tkxies to be grown. Since me upstream growth of die 

^ bubble is regulated by the stopper 12 and tt^ movable 
member 11. the bubWe 40 is lUrthCT grown in ttie down- 
stream side, vvith tt)e result that the growing hetght of 
itte biit>ble 40 m tfie do^m8tream side of itie heal gen- 
erating pomon 21 is Increased in ocmparison vyith a 

^ case where the rrKJvable member 11 is not provided. 
That is to say. as shown in Rg. 9, aBfiough the movat?le 
member displacement volume char>ging raib v^ Is zero 
between d and points because tne movable menrv 
ber 11 Is contacted with the stopper 12, the bubble'^ 

<^ is grown lowaid the downstream side and continues to 
be grown tiH pcmt C2 sfightv delayed tinkingV from 
point, and the bubble vol unis Vt, becon>es ntaxlRHim at 
ihe Cspoini 

[D109] On Ihe Other hand, as nneniionedabovetSfeloe 
<9 ihedfepbrnrtemof the movable memt>^ 11 is reguiai- 
ed by the siopper 12, the upetieam side portion of the 
Ixibb)e40 has ihesmafl size until ihe nr>o«abte member 
11 Is curved convexly toward the upstream side by ihe 
inenia force of the flow of fiquld lowad ihe upstream 
30 Side arKi the suess Is chargea The upstream Side por- 
tion Of the bubble 40 is regulated by the stopper i2, flow 
paih side wails, nvjvabis member 11 awf tuicrum 11a 
so that an advancing anvxjnt toward the i^ostream area 
becomes almost lero- 
S5 [0110] In ihis way. the flow of rhe liquid tovyard the up- 
stream side is greaily reditc^. thereby preventing 
cross-talk of liquid lo the adjacent flow paihs, back flow 
(obsexiciing high speed re-fili) of liquid in ihe Iquid sup- 
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plying ayetom and prd^eure vuxation. 
(01 11] Pig. 80 ehovi« 6 condition that n69etiy« pree- 
eurv within th9 bubble 40 afi«r ih€ r^nrhooiing ov«r- 
com^e th« downetr^^in ehiiting of tno iquid m cn^ flow 
path 3 to dt&rt contraction oT the bubble 40. 
[01 12| A3 the bubble 401$ contracted {CzH>B points 
in Fig. 9). atiliouohihe movable member 11 iedepleced 
downwardly (C^to D points in Rg. 9). since the inovable 
member 1 1 1tseir has cantilever spring egress and stress 
due to upward convm decimation, a epeedfor down- 
wafd displacement is increased. Rirther, since tfieflovr 
path resl3ianoe Is small, the dowiislream flow of the Ikh 
uid at the upstream «ide area of M movable inennDer 
11 wMch is e low ilow path reeistanoe area forrned be- 
tween the common iiqirid chan4^ G and the flow path 
3 becomes great flow quickly and flowe irtio the flow path 
3 through the stopper i2. In this operalion, the Hquid in 
the commoniiquid chamber 6 ift dtreded IMO the flow 
path 3. The Hquid dniecced Inio the flow patti 3 passes 
between the stopper 12 and ihe downwardly dbplaced 
movable member 11 as it is, and then, flows into the 
downstream side of the heat generacing poroon 21 and 
acis on the bubble 40 to accelerate the disappearance 
of the bubble. Alier such flow of Hquid aids ihe disap- 
poaranoe of the bubble, rt creates liquid flow towafd the 
discharge port 4 to aid reetonng of the meniscus and lo 
enhance Ihe n^-fiii speed. 

[01 131 At this stage, liquid pole comprised of the dis- 
charge droplet ee diechaigedfrom the discharge pon 4 
is changed to a liquid droplet which is in turn flying out- 
wardQy. 

[01 1 4] Fig. 8D shows a condition ihai the nr»niscus is 
pulled Into the dischafge pon 4 b/ disappearance of ifje 
bubble and the liquid pole of the discharge c&noplei 66 
Siarts lo bo eeparaied. 

[01 1 5] Funhen since ihe flo^nng of liquid iniO the flow 
path 3 through the area E>etween the movebte member 
1 1 and the stopper 1 2 increases a flow speed at the top 
plate 2 Side, accumulation of nmnute bubbles at that por- 
tion ie subeiantiali/ preventea thereby contributing the 
stable discharging. 

(01 16] Fuither, since the generating point of cavitation 
due TO disappearance of the bubble is shifted to the 
downstream side of ihe bubble genersing area, xhe 
dsmagew the heat generating poition 21 is reduced. At 
the same time, since adhesion of kogation to Ae heat 
genemting portion 2 1 due to the developing is reduced, 
the discharging stability is enhanced. 
[01 1 71 Fig. aE shows a condition ihei, after the bubble 
40 1$ completely disappeared, the movable member 1i 
is overshot from the initial coodtion (E point and so on 
in Fig, 9). 

[01 1^ Although dependQrtg upon the rigidity oi the 
movable member 1 1 and viecosiiy o( the liquid used, the 
overshooT oi the movable member 1 1 « attenuated for 
a short time and ttie Initial condidon is restored. 
[0119| Although Fig. 8C shows a condition chat the 
meniscus is pulled up to subsiantial upstream side by* 



the disappearance oi the bubble, simoar to me attenu- 
ation of the cfisplacentent of the movable men^ ii. 
the original position is restored lor a reiativehr short tenm 
and is stabilized. Further, as ehown In Fig. aE. rearward- 
5 of the <fischa^ droplet 66. the tail pcition is separat- 
ed by the surface tension lorce, with the pssmt that a 
saielUte 67 may be tormed. 

[0120] Next, particuiarty, rising bubbles 41 rising from 
boih sides of the movable mennber 11 and ct^ i Iquid nr^e- 
nisous at the discharge pori 4 w9l be fully explained wli[h 
reference 10 Fig. 11 whichisaperspecoveviewcf apan 
oi the liquid discharge head of Rg. 7. 
[0121] m the illustrated embodiment, smal dearanc- 
es exist between the wai surf aces of me side wails con* 
stituiing the flow path 3 and both lateral edgee of the 
movable member ii, so that the nmabie member ii 
can be dteplaced smoothly. Furmer, In the growing pmc- 
ess of the bubble by meane of the heat generating per. 
tion 21, the bubble 40 displaoes die movable meiriber 

11 and Is risen ioward the upper sivfaoe of the movable 
member 11 through the cfeaiafioes to slightly paieda^ 
into ttw low flow paih resistance area 3a. HiepenetraE- 
ed rising but>t>les 41 go around ihe back surface (op- 
pose to the bubble generating area), ttiereby sup- 
pressing the vibration ol the movable member 11 and 
stabilizing the cSscnarging properry. 

[0122] Further. In the c&sappeanng step of die bubble 
40, the rising bubbles 4i promote the liquid flow from 
the low flow path resistance area 3a lotne bubble gen- 
erat^g area, with the resuU that, in com&inaiion with the 
above-mentioned high speed retard of the meniscus 
•rem the disch arge port 4. the disappearanceof the tHib- 
Me ts completed quicldy. Particuiarly, due to the ^quM 
ito^v creased by the rising bubbles 41 , bubbles aie not 
aftnost trapped at comers cf tfie movable member 11 
and the How path 3. 

[0123] In Ihe liquid diedierge heed having the above- 
mentioned ariangen^t. at the time when the bquid is 
discharged Irom me ctecharge poit 4 by the generation 
of the bubble 40. the discharge dn^plet 66 is discharged 
substantial^ in a condson of a Mquid pde havmg a 
sphere at its leadftig end. Afthough mis Is aiso true m 
the convensional head stmciures, in the Husarated enrt- 
bodiment when the nwvable member 11 is displaced 
by the growth of the bubble and the displaced movable 
member 11 is oonsaoted with the stepper 12, a substan- 
tially closed epaoe (except for the dtocharge pon) is cre- 
aeed in the flow paih 3 including the bubble generating 
area. Accordingly, when the bubble ie disappeared in 
this condltK>n. since the closed space* maintained unw 
the movable member 1 1 is separaied from the stopper 

12 due to the disappearance of the bubble, almost dis< 
appearing energy of the biiobie AO acts as a lorce for 
Shifting tf)e liquid In the vicinity of the discharge poit 4 
toward tf)e upstream direction. As a resub. immediaiely 
afier the disappearance of the bulDble40 starts, the me- 
niscus is quickty sucked from the discharge port 4 ireo 
the flow path 3, widi the lesuft that a tail portion consti- 
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iuungm8iiquiclpoido<>nri0ctMtouied($ciiar99clropk»i downeueam cSr^on directing toward tne ajdcharge 

65 omm a mo ascharge port 4 te quicKiy separetdd port 4. me retarcfing of th(» meniscus is btm^d quickw. 

by a etrong fCfC(» of th« mni^ue. Thus, dateim«s thereby ait^nuating vflxatlon of mentecus at a high 

formed from tho taft portion id reduced, thereliy enhenc- speed. 

ing the print quality. 9 fptZT] m (he liquid diecharpe head having the a^ove- 

[0124] Further, eince the tail portion le noi pulled Oy nieniloned oonetrudion and mciudbKi the movable 

the meniscus for a long ieim. the dficharging speed ie member, since ihe ink re-fili property is Canoed, tiigh 

not decreased, and, since a distance between The dis- frequency driving area can be set to 10 IdHz lever, and 

change droplet 6& and the sateDUe beccnnes stioner, ihe ihe driving can be effected hi a level from about 20 icHz 

eateUiie dots are pulled by a 8»<aled slperoam phe- to todOkliz. 

nomenon reerarardly of the dischaige drtipiec 66. As a |0128) hi tMs case, aWiough the disappearance cf the 

result, the satellite dois may be combined with ttie dis- bubble is repeated at the abovementioned high fie- 

charge droplet 66, and, thus, a OquKl dttcharge head in quency pertod and many accumulative stresses are gh^ 

Which satelKle dois are aknoet not created can be pro- en to theanu-caviiation layer within a unft t«ne. theamj. 

vided. « cevaanoniayer of a-Ta'p'Taaoooraing to the present in* 

[013^ Further, in the iiftistrated enibo<finf)eni, in the venticn stabilizes the discharging speed mi Ihe dis- 

above-menQoned liquid discharge head, the movable charge amount 

member ii provided to suppress omy R>e bubble 40 (0129) Ne>a, an mk jei recording <vpMtus m wnich 

grooving toward ihe upstream direction with respeci io ihe above-memlcned liquid dtecharge head is used as 

the flow of liquid directing toward ihe dtocharge port 4. so an Ink je; recording head wil be esqptained. 

More pref erab ly, ihe free end 11 b of the movable menv [DISO] Fig. 12 Is a so hemadc perspecave view show- 

ber 1 1 Is posliloned sutsstandalty aa a central portion of kyg main parts of an Ink jet recording apparatus lo which 

the but?ble generating area. Wiih this arrarigemers, the ihe present Invendon is applied. 

back wave to the upstream side due toihe growth of the [0131] A head cartridge 601 mounted on an ink jet ap- 

but^ble end the menla force of the lk)uid which do not ^ paratus 600 shown m Fig. 12 comprises a iKiutd dIs* 

direcuv relate to llquia discharging can be sup- charge headfof discharging imt to effect recording, ano 

pressed, and the downward growing component d the piurat color 'mk lanks for slodng Kquids to be supptied lo 

bubMe 40 can be directed toward ttie discharge port 4. the liquid discharge head. 

(012^ Further, since Uie flow paih resistance of the [0132] As shown in Rg. 1 2. head cartridge dOI is 

low flow path resistance area 3b opposite to ihe die- so mounied on a carnage 607 engaged by a neScai groove 

charge port 4 wSh respect «o the siopperl 2 Is tow. the 606 of a lead screw 605 rotarod via a driving force trans- 

shfldng of the liquid toward the upsoream direcdon due miitmg gears 603. 604 in synchronous ^?lth normal amj 

to tiiegrowth of Ihe bubble creases great flow in the low reverse rosaa one of a driving motor 602. By a power of 

fk>w path resistance area 3b, wiih the result that, when the driving motor 602. the head cartridge 801 is recip- 

the (Ssplaced movable member II contacts with the ^ localy shifted together with ihe caniage 607 in diiec- 

stopper 12» the movable member 11 Is 8iJt>jec^ io lions shown byiheanows a and b along a guMe 608. 

atrees to be puOed towaixl the upstream drectkM. As a The ink jet recording apparstus 600 Includes recording 

reauu, even when the disappearance of the bubble is medium conveying means (not shown) for conveying a 

started in this conoitkHi, since me liquid sMftlng force prim paper P as a recording medium tor receiving nquid 

toward the upstream arecticn due 10 the growth oi the ^ such as inkdischargedfrom the neao cartridge 601. A 

bubble 40 remains greatly, the above-mentioned dosed paper pressing plate 61 0 lor the print paper P conv^ed 

space can be maintained lor a predetennined tkne pe- ona plaien600 by means of the recording mediumcon- 

riod until the repeiUng forcecf the movable member 11 veying means seni«8 to urge the print peq>er P against 

overoomee the Kquid shSting force. That is to say. wkh ihe platen eosihrough a shifting direction of theoarriage 

this anrang&nem. high speed reiarcang of the meniscus 607. The head canrkige 601 is electrically connected to 

can be achieved nnore posmvely. Further, when the die- amainbodyof tfieinkjetrecortSngappaiTftueviaafleX' 

appearance of the bubble advances and the repeOing i>le cal?le (not shown). 

force ot the movable member 11 oveicomes the liquid [0133E] Ptioto-couplers 611. 612 are disposed in the 
shifting force toward the upslream d^ection due to the vicinav of one end of the lead screw 60S. The phottn 
growth oi the bulx>le. the movaole memt>er 11 Is dIs- ^ couplers 6ii. 612 are home position delecting nneans 
placed downwardly to tray to be relumed to the initial for switching a rotational direction of the drr/mg mo^ 
condition , with tn e result that the flow toward the down- 602 by ascertain ing the presence of a lever 607a of the 
stream direction is created in the low flow path resist- canrlage 607 in an anea of the phoio-coupiers 6ii , 61 2. 
once area 3a- Since the How path resistanoe is sn^ii. In the vicmny of one end of the platen 60$. mere is pro- 
the flow toward th e downstream directwn ri ihe low flow 55 vided a support menr*>er 6 1 3 for supporting a cap merrv 
path resistance area 3a abrupdy K>ecomes great flow ber 61 4 for cos^erin g a front surface (Including discharge 
whbh in turn flows into the flow pa«h 3 through the stop- por<») of ttie head canridge 601 . Funher. there is pro- 
per 12. As a result, by ihe liquid shtfting toward the vkSed ink sucking means 615 for sucking ink stored in 
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ihe cap member 6i4 t>y ki|« discharge of mo h«ia cai- 
iridgo 60i. Suction rwov^ry of lh« hoaa cartridg* 60i 
Id oflectod oy moana of the inK dudong rn«an« 6i5 
Ihrough an opening of the cap mon^ 614. 
[0134] The inK jet recording apparatu$ 600 has a body 
euppon 61 9. The boc^ eupport 61 9 stworle a ahdting 
member 618 for Mtxetg moveinerE in a irora-and-rear 
dlrecifon. Le., direcnon perpendicular to a shifting dvec- 
tton of mecaiiiage6D7. Acleanlhg blade 61 71s atieched 
to tfie shifting member 618. The cleaning blade 617 is 
not Bmited lo a blade, bUE» oiher knowm lype of cleaning 
blade may be used. Funher. there is provided a lever 
620 for eiarU ng ihe auction recoveiy operabon of the I nK 
aucKing means 615. The lew 620 18 shoted as a cam 
engaging by the canlage 607 is shirted, and a drhrirtg 
force Irom the driving motor 60a is controtied by known 
iransmltting means such as dutch swttching. An inicjei 
recofding control ponton (not shown in Fig. 1 2) for sup- 
plying a signal lo ihe heat generaEing portions and for 
controlling the driving of various eiemenis is provided In 
the main body oi ihe recorcSng apparaois. 
[0135] The present invention provides an ink jet head 
substrate comprising a heat generating resisianoe 
member fomrting a heat generadng ponion, an etectrode 
Wiring eiecirioaiiy connected lo the neat generating r»« 
siseance member, and an antKaviiation provided 
on the heat generaung reslfltanoe menn>er and the eiec- 
I rode wiring via an insulation protection layer, and 
Wherein the anti-cavitation film is lom^ from different 
materials with mora than two layena. 



Claims 

1 . An ink jet head subsirate comprising: 

a heat genereiing resistance memkMr lormlr^g 
a heat generating portion: 
an electrode wiring eiectricany connected lo 
said heat genereBng restotance memben and 
an anti-cavitation fam provided on said heat 
generating resistance member and said eieo- 
node wiring via an insulaik>n proseciion layer: 
and wherein 

saM anti-caviiation film Is fomted from dUfereni 
materials with more than mo layers. 

2. An ink Jet head subsiraie comprising: 

a heat genereiing resistance member lormlng 
a heat general ing portion: 
an eiedrode wiring electrically connocied to 
said heat generating resistance member; and 
an anti-cavitation film provided on said heat 
generaring resistarxse rii ember arxJ said elec- 
irode wiring via an insulaik>n proiecdon layer: 
and wherein 

said anti-caviiation film is fonrted flnom at leetSE 



two layer iitn^, and an upper layer film contact- 
ed with ink has lower InK erosion resistance 
than a lower layer nim. 

$ 3. An ink jet heed su^trate comprising: 

a heai generating resistance member tonming 
a heai generaring portion; 
an etecopde wMng electrically connected lo 
» said heat generating reslstanoe member and 

an and-cavicabon fOm provided on said heai 
generadng resistance member and said elec- 
trode wiring via an Insulation protection layer; 
and wherein 

^9 said anti^avnation film is focmed from at least 

two layer iim. and an upper le^fiEn contact- 
ed wQh inK is a iHm on which kogauon is rela- 
tively ha rdio occur, and a iovver layer i«d is a 
film iMwing Ink erosion i 



4. Anink let head sit^strate oomprl sing : 

a heai generating resistance memtier lomiting 
a heat generating portion; 

^ an electrode wir«g eieclncaily connected to 

eaid heat generating resistance member; and 
en anti-cay^auon fikn pnovided on said heat 
generating resistance member and said elec> 
trode wiring via an insulation protection layen 

^ end wherein 

said anti-cavitaiion film Is fomned from ai leasi 
r*vo layer films, and an upper layer tflm contact- 
ed with inic is a Ta film or a TaAl finv and the 
lower layer film is an amoiphous aOoy film in- 

^ eluding Ta 

5. An Ink jet head substrate oomprlsing: 

a heat generating resistance member fornning 

^ a heat generatiAg portion; 

an electrode H-Mng elecuiceily connected to 
said heat generating resistance mennber; and 
an and-cavicetion film provided on said heai 
generating resistance member and saM elec- 

45 irode wiring via an insulaiton protection layer; 

and wherein 

said anti-cavixation film is fomned from as leasi 
iwo layer films, and an upper layer film oontac:- 
ed wfth INcIs a Ta film or a TaAl film, erwJ the 
so lower layer film la en amorphous aBoy film in- 

cluding Ta, ana said amoiphous alloy liknhas 
composition comprised of Ta, Fe. Ni and Or. 

6. An inK jet head sut>$trate according to Claim 5. 
S5 wh^ein said amorphous afloy film is represented 

by the fbikKvlng composition {f\: 
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{however. 1 0 atom 2^ a ^ 30 at0mi% and cc ♦ ^ < 80 
aiorni% and a < 0 and$ > tand ci ♦ ^ 4- 7'i> d = 100 
di0ml%). 

7. An ink jet head subsirate oomprlalng: 

a heal generating leei^tanca m^miser iorming 
a heat generating portion; 
an electrode v^r^g electrioaliy connected io 
eaid heal generaSng resietanoe niemk)er: and 
an anti-oayiiatian film provided on eaid heai 
generating reeistanoe member and e«dd eleo- 
irode wiring via an InaulaUon protection layer; 
and^fierein 

eald and-caviiailon film hae a fliat layer having 
oofflposttion comprised of Ta. Fe» Nl and O; 
find a second layer made oi Ik end having 
square grating cryeiai smjciure fonned on eaid 
Hrel layer. 



f5 



19« A methoo for menutacmring en ink jet dead eut>- 
straie hsvmg a heat generating resi&lance member 
forming a heat generating portion, an electrode wtr- 
mg eiecfrieally oonoected to eaid neai generating 
leeidtance member, and an anii-cavitation fam pro- 
vided on daid heat generating resistance memoer 
and eaid electrode Hriring via an ineutation protec- 
tion layer, wherein: 

in order to form said ano-^avitadon fllm» a 7^ 
hatfirtg a square grarnng ctystal structure is 
formed on a layer having oomposMon conv 
prleed of Ta, Fe. Mi and Or by epaiterlng usmg 
a metal Ta tatgei having purry oi 99 % or more. 

14. Amethod accoidingtoCiainA 10. Vfhereindaid layer 
having compoeilion comprised of Ta. Fe. M and Or 
ia repreeentod by the fodoiving composition rola- 
ticnshlp (0: 



(1) 



An ink |0t head eubetvale according io Ctaim 7, 
wherein eald first layer is represenied by the follow- 
ing compo&tion {ly. 



(hoveiper, 10 atom% sa £ 30 atom% and « ^ ^ < 
60 atom% and a < ^ and 8 > yand a4-p + y+«- 
100aiom%), 



Ta,Fe,,N^Crj 



(however. 1 0 atom% < a < 30 atom% and a 4 p <: 
80 atom?4 and a < ^ and S > yand a 4. ^ 4 y f & = 
100atoni%). 

9. An ink jet head wherein : 

a plurality of heat genetailng portions are pro- 
vided on an Ink Jet head 8ul>atraie according 10 
any one of Ciabm 1 to 8, and lk)uid paths conv 
municeted wflh dischaige pone for discharging 
en ink dioplei are provided in correapondenoe 
with eaid heat generating pordons. 

10. An inic Jet head according 10 Claim 9, wherein a 
movable meml^er having a free end displaced by 
growth of a twbble generated in the OquM by iher- 
mal energy of said heat generating ponion is pro- 
vided with each eaid liquid path. 

11. An Inic Jet head according to Claim 9, wheram dif- 
terent kind& of inks are supplied to saJd plural Kqukl 
patDe I6r oveiy aeverai nqukl pama. 

12. An ink jet head according to Claim 11 . wherein The 
dHieren; kinds of inks aie.aF leas; ink apt to occur 
l(ogark>n. and ink having high eroeion ebiOy. 



16. An ink jet head wherein: 

^ a plurallJy of heat generadng portk)f» are pro- 

vkled on an ink J«t head aubetrate manufac- 
tured by a method according to Claim 14, and 
liquid paitts oonvnunicaied vrtth discharge 
ports ior discharging an ink droplet are provided 

^ in correspondence with saki heal gerterating 

portK>ns. 

16. An ink jet head according to Clavn 15, wherein a 
movable member having a fiee end displaced by 

^ growth oi a t>ubble generated in the liquki by iher- 
final energy of said heat generating ponkin is pro- 
vkled with each eakl IkMd pam. 

17. An Inkjet head according to Claim 16 or ie, wherein 
saki anti-cavitation film has inPiaiv tno layera. and 
a alage in which discharging is effected whfle par- 
tiaify remo^ng Ta of an upper layer, and a stage In 
vMch discharging is efiected in a condition that Ta 
is removed only in an effective bubbling area ara 

50 performed. 

18. A method for manufacajiing an Ink jet head ol>- 
talned by terming a pluraltty of liquid paths commu- 
nk^aied with discharge ports for discharging an Ink 

*5 droplet in correspondence to heai generating por- 
tlone on ink jel head stibsLrale having heat gener- 
ating resiaiartce members fonming heal generating 
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portions, etectrode wiiin^d eiecaicalV ccrmoctdd lo 
S£id h4»at generating r«8i8tanc« metnoere, and an 
aml-oayitaiion libn provided oneaid heat generating 
redidtance memDere and eaki electnxie wirings via 
an ineui&tion pcY>t8Ction layer, wherein: 5 

in order to form said anti-cancation film, a Ta 
having a square gradng crystal etiuoiure is 
formed on a layer having compostSon conv 
prised of la, Fe» Nj and Cr by spatiering using *o 
a nueutl Ta taiget having purity d 99 % or more. 

19» A meihod according 10 Claim 1 8. wheremead layer 
having ccmpoeition comprieed of Ta, Fe. M and Cr 
repreeenced 1^ ihe followk^g oompoeition rela- 
ticnehip (I): 

Ta^Fej^NiyCrj (I) 

20 

(however. io atom% :i- a s 30 atom% and a + p < 
80 8toni% anda<^and5>yanda4-p + r-»-dB 
iOOatom%). 

20, A mel hod according to Claim 19. wfierein, after «ud ^ 
liquid paths are fonned. by effecting an auxffiary ink 
discharging operc&ion, Ta is subssandaDy doped fo 
an amorphous immobile layer including at least Ta 
arxj Cr of said Te^Fe^lfCr^. 

so 

21 « AmethodforusinQanlnkj^heedmanuidcturedby 
a cn^hod adoording to daim 19. wherein: 

a layer obltiined by eubeianiiaPy doping Ts^ jo 
anamc>rphoi»irmnobilelaRrer|ncliicfingaileael 
Ta and Cr of aatd Ta^/e^N^Qr^ le used as a firei 
eurfaee ior irrtc or as a ftEiyer which is exposed 
later. 

22. A method for using an lnl( jet heed manuSaotured by ^ 
a method aeoordlng to Claim 19, wherein: 

a layer obtained tjy adding Ta lo an amorphous 
surface layer including at least Ta and Cr of sakJ 
Ta^FepNiyCrs is used as a ffaat surface for inK 
or as a layer which is exposed laler. 

23. An ink fet recording apparatus comprising: 

a carriage to which an vik jei head according io ^ 
Clatn 9 Is mounied; 
and Vklierein 

recording is eif eoced on a recording nrtedium by 
diecheigir^g an ink droplet from said ink \ei h ead 
while shitting said carriage In response to re- 
cording InSormation. 
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FIG. 2A 



F/a 2B 
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F/a 2C 



FIG. 2D 
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FIG. 5A 

EFFECTIVE BUBBLE 
QENERATiNQ AREA 




HEATB) AREA 



FIG. 5B1 

EFFECTIVE BUBBLE 
GENERATING AREA 




HEATER AREA 



FIG. 5B2 

EFFECTIVE BUBBLE 
GENERATING AREA 
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HEATER AREA 
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FIG. 6 
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(2) 
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(1) • ONLY SINGLE UYER OF Ta 

(2j-- Ta IN UPPER LAYER AND 

AMORPHOUS Ta IN LOWER UYER 



2 4 6 8 

DURABLE NUMBER OF PULSE (x 10^ TIMES) 
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FIG. 10 
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